The chemical states of graphitic carbon materials have been investigated by various analytical methods, including X-ray photoemission spectroscopy XPS , infrared spectroscopy IR , and thermal desorption spectroscopy TDS . In particular, the chemical states of oxygen on a carbon surface have been intensively analyzed and oxidized surface structure models have been proposed 1 , 2 because oxidation of carbon materials often directly affects the chemical properties of carbon materials. Although the chemical
states of surface oxygen can be analyzed using the above-mentioned conventional analytical methods, simple quantitative analysis techniques of surface oxygen have yet to be sufficiently established. Although XPS has been widely utilized in quantitative analysis, careful and sensitive treatment of the sample surface is necessary because carbon and oxygen in the atmosphere easily become contaminants on the carbon materials during XPS measurements.
X-ray absorption spectroscopy XAS using synchrotron radiation is well recognized as a powerful chemical analysis method for materials 3 . For example, we have reported that total-electronyield X-ray absorption spectroscopy TEY-XAS in the OK region can be utilized for chemical analysis of oxygenated functional groups in carbon materials 4 . Additionally, we have recently proposed a new quantitative analysis method for oxygen on the surface of graphitic carbon materials by applying TEY-XAS 5 , 6 .
Therefore, the proposed TEY-XAS method will achieve quantitative and chemical-state analyses of oxygen on carbon material surfaces. To utilize the TEY-XAS method in the analysis of practical carbon materials, we performed the quantitative and chemical-state analyses of graphite oxides. In the present paper, we briefly describe the working curves in the TEY-XAS method for quantitative analysis, and the concentration and chemical-states of surface oxygen on graphite oxides analyzed by the TEY-XAS method. A new quantitative and chemical-state analysis method to measure oxygen on the surface of graphitic carbon materials by total-electron-yield soft X-ray absorption spectroscopy TEY-XAS is proposed, and applied to the analysis of graphite oxides GO . In this method, working curves for quantitative analysis were successfully obtained from the relative absorption-peak-intensity in the OK and CK absorption edges as functions of the O/C atomic ratio in standard organic samples which have various oxygenated functional groups. The atomic ratio O/C on the GO surface was determined as approximately 0.35 from the working curves, and the chemical states of surface oxygen were estimated as mainly −OH and partially >C=O and/or −CH=O from the finger print method of the TEY-XAS. To apply the working curves to graphitic carbon materials, graphite oxide GO was prepared by the Brodie method 8 -10 .
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Natural graphite powder was oxidized with KClO3 in fuming nitric acid at 60 , and then the resulting solution was poured into a large excess of water and dried at 60 . This procedure was repeated five times, and after each repetition a GO was prepared. The Therefore, the four patterns for the relative peak intensities of OK/CK can be obtained as Oσ*/Cσ*, Oσ*/Cπ*, Oπ*/Cσ*, and Oπ*/Cπ*. However, previous studies 6 , which successfully simulated the working curves from the density of states DOS of the standard aromatic compounds by the discrete variational DV -Xα molecular orbital method 11 , have confirmed that Oσ*/Cσ* is the most precise for working curves used in quantitative analysis, because σ*-DOS intensity is less sensitive to the chemical states than π*-DOS intensity in the aromatic compounds. Additionally, the σ* peak intensity measured from the peak area provided a higher precision than that from the peak height. From the DOS calculations, the σ* regions in the C-and O-DOS of 1-Naphthoic acid were distributed within nearly 15 eV width as shown in Fig.2 b , implying that the σ* peak area can be obtained from approximately 15-eV wide. Thus, the regions of 290 -305 eV and 535 -550 eV were measured for the σ* peak areas in the CK and OK regions, respectively. Table 1 shows the Oσ*/Cσ* peak intensity ratios measured from the peak area of the 28 standard samples, and Table 1 The Oσ*/Cσ* peak intensity ratios measured from the peak area of the 28 standard samples.
the atomic ratio, O/C. This distribution was proportional to the atomic ratio, and its approximately linear line coincided with a correlation coefficient denoted by R in the figure of 0.9. Moreover, the measured distribution had a negligible dependence on the type of backbone structure and oxygenated functional groups within several percent orders of precision. Thus, the approximated line can be used as a working curve to quantitatively analyze oxygen on carbon. Fig.3 b shows the distribution of Oσ*/Cσ* in the ten selected standard samples A3, A4, A9, N4, N6, N8, B1, B5, B9, B10 , which are indicated by asterisks in Fig.1 . These ten compounds were selected because they represent a wide O/C atomic ratio, and have a high correlation coefficient with a low standard deviation denoted by STD in the figure in the Oσ*/Cσ* distributions. Consequently, we easily performed quantitative analysis of the surface oxygen on the carbon materials from the working curve obtained by the TEY-XAS measurements of the ten selected standard samples.
To evaluate the usefulness of the working curve obtained from TEY-XAS measurements, the working curve was applied to quantitatively analyze oxygen on graphite oxide. Fig.4 shows the XRD patterns of the prepared graphite oxides GO1-GO5 and the reference graphite. The diffraction peaks observed around 12-15 degree converged to 12.7 degrees, while the peak width converged to 0.31 degrees as the repetition time of the oxidation procedure increased. The XRD pattern of GO5 was identical to previously published data 10 , indicating that oxidation gradually proceeds upon repeating the oxidation procedure, and that GO5 is sufficiently oxidized. Fig.5 shows the IR spectra of the GO1-GO5. Each GO sample clearly represents the peaks at 1620 and 1380 cm −1 , which were ascribed as water and C-OH, respectively. The peak at 2400 cm −1 was attributed to impurity CO2. These spectral profiles are essentially the same as previously reported data 10 . Thus, it is confirmed that the prepared GO samples were oxygenated and had adsorbed water. which were regarded as σ* peaks. Additionally, the GO samples had a small shoulder/peak at 531 eV a , which was regarded as the π* peak. In particular, this a peak was clearly observed in GO5.
It is therefore estimated that GO samples have mainly σ* state of Fig.5 . It is therefore rationalized that the O/C values by the TEY-XAS method are smaller than those by EA.
We proposed a quantitative and chemical-state analysis method for oxygen on the surface of carbon materials by TEY-XAS using synchrotron radiation. In this method, working curves for quantitative analysis were obtained from the relative absorption-peak- 
